INTRODUCTION
We have explained in previous papers [1, 2] a completely different NDE technique applied to the titanium alloy billet, the time reversal process, which allows conversion of a divergent wave issuing from a defect into a convergent wave focusing on it. The time reversal method is a self adaptive technique which produces a focussed beam matched to the defect shape and generates an unfocussed wave in the case of a speckle noise source. The results have showed the ability of this technique to focus on defects in a scattering media through a complex interface. However, this technique is subject to the principal NDE systems problem: the false alarms. Indeed, high levels of grain noise can mask signals from smaller or lower acoustic reflectivity flaws and than a grains configuration can be confused with a small defect. In case of the inspection oflarge titanium parts such those found in the aircraft engine industry (thickness > 5 "), the classical techniques are more sensitive to this problem in the deep zones : the grain density often increases with depth du to the forging technique and the backpropagated defect echoes are weak in account of the attenuation.
There are currently several studies for approaching this problem including the modification of the reject criterion to assume the local noise distribution [3] which allows a better defect characterization. Our study way is to take advantage of all the properties of the TRM process and of all the data included in the received signals with the use of two new processing techniques called « iterative coherent summation» and « matched filter ». This paper summarizes, in a first part, the time reversal procedure and properties. In a second part, we describe all the processing techniques based on the TRM properties used to build a CSCAN image. This analysis will be illustrated by experimental results and we will compare the improvements of tests performed on deep titanium samples of250 mm diameter.
TIME REVERSAL PROCESS
The experimental procedure
The basic theory [4, 5] of the time reversal process is based on the time reversal invariance of wave equation which tell us that, if the acoustic pressure field per, t) satisfies the wave equation then p(r,-t) or per, T-t) is also solution ofthe same equation. We take advantage of this property to achieve optimal focusing of a pulsed wave on a point-like reflector located in a solid sample immersed in fluid medium. The basic time-reversal process used requires four steps. A first incident pulsed wave is transmitted from the liquid towards the solid by one (or more) e1ement(s) of the array. In this first transmission, the array sends unfocused acoustic energy into the material. For each transducer k of the array, located at position rk, the transmitted signals are Tko(t, ,rio) (Figure 1 Time reversal properties Figure 2 shows a time reversal experiment conducted on a defect zone located at a depth 120 mm in a titanium billet. Three Bscans images ofSko(rk,t), Ski(rk,t) and Sk 2 (rk,t) where k varies from 1 to 121 are presented. On each of them, the horizontal axis represents the time and the vertical axis the transducer number k. The amplitude is coded in gray level and it represents the logarithmic envelope of the echoes.
On figure 2 (a) which shows Sko(rk,t) we can see the echoes coming from the front and the back faces of the titanium sample, and between them we can only notice the noise induced by microstructural inhomogeneities. The echo from the defect is superimposed upon a strong grain noise background. A time reversal window of 2 Ils is chosen and its origin is located at a depth of 120 mm, where is located an artificial flaw. After one or two time reversal process, the signals Ski(rk,t) ( Fig. 2 (b» and Sk 2 (rk,t) ( Fig. 2 (c» contain a strong echo coming from the flaw which has been amplified by the time reversal r,rocess. A wavefront app,ears on the data and we can notice the similarity between signals Sk (rk,t) (Fig. 4 (c» and Sk (rk,t) (Fig. 4 (d». Note that in this experiment the wavefront appears as an oscillating line, which is due in fact that the defect is located off axis of the transducer array.
In an another experiment conducted in a zone containing only the basic titanium microstructure, Fig 3 shows , that in this case, the signal behavior does not change between Sko(rk,t) and Ski (rk,tl. Another important point to be noticed is that if you look carefully to data Ski(rk,t) and Sk (rk,t), they are no more similar (Fig. 4 (a) and (b». This is related to the fact that the titanium microstructure had a mean dimension (a few Ilm) small compared to the wavelength (1.2mm for longitudinal waves). The time reversal process cannot exactly refocus the energy on the microstructure details due to the loss of information on these details during propagation of the backscattered wave with a 5-Mhz center frequency. PROCESSING TECHNIQUES Figures 2 and 3 represent the complete Bscan data on the 121 transducers of the array. A more compact presentation has to be implemented in order to reduce the 121 signals to one unique signal which will be used to build a CSCAN image.
Incoherent summation
The simplest processing that we have implemented is an incoherent processin~; where we compute the summation of the 121 logarithmic signals Log Ski(rk,t) (or Log Sk (rk,t». This summation can be implemented fastly. 
Coherent summation
The incoherent processing is not optimal for defects located off axis of the probe. In this case, all the individual reflected signals from the defect have different arrival times on the array. The total output signal can be improved significantly by correcting the differences in arrival times before the summation. Such a time compensating process corresponds to a coherent summation and allows to the echo level to be increased. We have developed a simple algorithm to measure the time delays. This algorithm needs a complete time reversal sequence and uses the symmetrization property of the time reversal process. This symmetrization property is due to the fact that a time reversal process is equivalent to a matched filter [6] . From this property, the time delays are determined by finding on each element k. the position of the peak amplitude ~ of the symmetric received signal Sk 2 (rk,t) ( Figure 4) . As the signal becomes symmetric after one time reversal process, the location of the maximum pressure becomes easy. This algorithm only requires to store the positions of the maximum pressure ofS.?(rk,t). The coherent summation is determined according to the discrete summation: Then, the amplitude peak is optimized if there is a defect in the zone of interest. However, such a coherent processing can induced false echo in the case of a speckle noise zone. Indeed, in this case the values 'C k are randomly distributed and the coherent summation will give rise to some peak amplitude that can be considered as an artifact resulting from an alignment of the maximum of the individual speckle noise signals ( Figure 5 ). In summary, the coherent summation is optimal if there is a defect in the zone of interest but it induces some false alarm from a speckle zone.
Iterative coherent summation
To solve this problem, we have developed a new coherent summation processing, which take into account the data recorded on two consecutive iterations of the time reversal process. In the preceding paragraphs, we have noted that when the time reversal window is located on a defect, the signals Sk1(rk,t) and Sk 2 (rk,t) are similar (figure 4 (c) and (d». The same wavefront appear at each iteration. This means that the positions .kl and ' C k2 are located on the same curve. Besides, if the time reversal window is located on a pure speckle zone, we have seen that the signals Sk1(rk,t) and Sk 2 (rk,t) are very different and consequently the positions ~l and 'C k2 are aligned on completely different curves (figure 4 (a) and (b». There is no correlation between these two curves. From these two remarks, a better algorithm can be implemented to increase the echo of a defect, while the echo of the speckle noise is reduced. It consists on the summation of signals Sk 2 (rk, t) observed at iteration 2 delayed t y the arrival times ' C k1 observed at iteration 1. In the presence of echoes coming from a pure speckle noise such a procedure is equivalent to the one of a random phase transducer [7] which strongly reduces the speckle noise. Figure 6 carries out this iterative summation applied on a noise zone: in opposition with the coherent summation, the peak amplitude disappears. This processing technique ability is essentially based on the computation of the time delays laws. The algorithm used and described above computes a peak amplitude position .If the flaw echo has an amplitude in the same order of the noise one, than the determination of the time delay law can be inexact. The result of this summation with a false law can mask a small defect presence.
Matched filter
An even better algorithm that can be implemented to measure the degree of similarity between the two echoes Skl(rk,t) and Sk 2 (rk,t). consists in the computation of the cross correlation between these two sets of signals. A very classical theorem of signal theory tell us that it is equivalent to the computation of the convolution product ofSkl(rk,t) with the time reversed signals Sk 2 (rk,-t). Thus the resulting signal is 121 Match (t) = L Skl(rk,t) ®t Sk 2 (rk,-t) (5) k=1 Such a signal becomes very high when the echo comes from a defect and remains very law when the echo comes from a pure speckle noise zone (Figure 7) . Indeed, the data stored in the echoes of a noise zone are different for the first and the second iterations: the material volumes which interact with the ultrasonic field are not similar. This processing is in fact optimal to focus both in the transmit and in the receive mode on the defect [8] and to quantifY the signals resemblance degree between two iterations. In opposition with the iterative coherent summation, this data processing improves the detection of coherent signals coming from a small defect. We are now able to distinguish a false alarm than a small defect. 
EXPERIMENTAL RESULTS
In following experiments, we have used the TRM prototype described above. All the C-SCAN were carried out using the time reversal prototype described above. The results are obtained in depth titanium samples, extracted from a billet of250 mm diameter. The Flat Bottom Hole defects of 0.4, 0.5 or 0.6 mm diameter are located at 100, 120, 140 mm depth. To obtain the C-SCAN images, we only report the maximum of the different processing techniques at each position of the probe in front of the sample. The grays scale is a logarithmic one and the values are standardized on the signal maximum coming from the FBH of 0.6 mm diameter. illustrates the lack of precision in the time delay law computation for a small defect.
CONCLUSION
In case of a very noisy structure, the time reversal technique associated with a new signal processing called « the matched filter» can decrease the probability of false alarms. This processing takes advantage of the TRM properties and uses all the data included in the received signals. This processing presents one drawback: it requires to store and to convolve the 121 signals of two iterations. However, with the used of a Digitized Signal Processor (DSP), these calculations can be implemented rapidly and the inspection time can be optimized.
